This study examines the use of a virtual internship (an epistemic game) for developing preservice teachers' technological pedagogical content knowledge (TPACK). TPACK aims to capture the essential qualities of teacher knowledge that are needed for integrating technology into teaching. Virtual internships are computer-based professional practicum simulation games where participants assume the role of a professional, work collaboratively on authentic tasks, and engage in complex professional thinking. The online collaborative chat records of 33 preservice teachers who played the game over the course of 8 weeks were analysed using epistemic network analysis (ENA), which made it possible to examine the dynamic connections between various TPACK domains over time. The analysis showed that participants' TPACK representations gradually became more complex in terms of the number of pedagogical considerations and the strength of connections between pedagogical considerations, technology, and content. Suggestions are made for designing learning environments that aim to develop preservice teachers' TPACK.
Introduction
Teacher knowledge in general is highly complex, as it draws on several different types of knowledge (Mishra & Koehler, 2006) . One of the best-known approaches to conceptualising teacher knowledge comes from Shulman (1987) , who defined several types of knowledge that constitute the knowledge base for the teaching profession. Among these, one category in particular, pedagogical content knowledge (PCK), has attracted the most interest among teacher education researchers and practitioners. Shulman himself also considered PCK to be of special interest because "it represents the blending of content and pedagogy into an understanding of how particular topics, problems, or issues are organized, represented, and adapted to the diverse interests and abilities of learners, and presented for instruction" (Shulman, 1987, p. 8) . Mishra and Koehler (2006) extended this construct by adding a technology category to describe the type of knowledge teachers need in order to effectively teach with technology. Referred to as technological pedagogical content knowledge (now known as TPACK), this construct has been well received by researchers in the area of educational technology -although similar conceptualisations have been suggested by other researchers (Graham, 2011) . In 2016, Angeli, Valanides, and Christodoulou reported that, since 2005 (the year the term TPACK first appeared in the literature), 1,475 publications had used the phrase technological pedagogical content knowledge.
The interest in TPACK most likely comes from the parsimonious conceptualisation of TPACK as the integration of the traditionally separated knowledge domains of content, pedagogy, and technology (Graham, 2011) . In addition to denoting a special type of teacher knowledge, TPACK also refers to a technology integration framework that provides a unifying structure and guidance for the challenging task of integrating technology into teaching (Koehler, Mishra, Akcaoglu, & Rosenberg, 2013) . However, as pointed out by Harris, Mishra, and Koehler (2009) , the TPACK framework does not prescribe how TPACK development should be supported. Specific suggestions are needed for activities and methods that will help develop TPACK (Archambault & Barnett, 2010) .
Drawing on work in learning sciences, this study presents and evaluates a new means of support for preservice teachers' TPACK development. Specifically, it introduces a new virtual internship (i.e., an epistemic game) that exemplifies the three essential characteristics of the learning-technology-by-design approach (Koehler & Mishra, 2005; Koehler, Mishra, & Yahya, 2007) : authenticity, small group collaboration, and design task. The study aims to evaluate the use of this virtual internship in developing preservice teachers' TPACK using epistemic network analysis (ENA), a novel data analysis method developed for assessing learning in virtual internships (Shaffer, Collier, & Ruis, 2016) .
The TPACK framework
The TPACK framework presents technology as the third core domain of teacher knowledge, along with content and pedagogy. It also introduces categories of knowledge that emerge from the interactions between and among these three core domains (Mishra & Koehler, 2006) . The hybrid bodies of knowledge address how content, pedagogy, and technology "interact, constrain, and afford each other" (Koehler, Mishra, Kereluik, Shin, & Graham, 2014, p. 102) . The TPACK framework, usually portrayed in a Venn diagram, comprises seven types of knowledge: content knowledge (CK), pedagogical knowledge (PK), technological knowledge (TK), pedagogical content knowledge (PCK), technological content knowledge (TCK), technological pedagogical knowledge (TPK), and technological pedagogical content knowledge (TPACK) ( Figure 1 ). Central to the TPACK framework is the idea of connections and interactions between and among the three core categories. While a deep understanding of technology, content, and pedagogy is needed, effective teaching with technology requires the total package (the tee pack) that emerges from the connections between them and exist in a state of dynamic equilibrium (Mishra & Koehler, 2006; Niess, 2011) . Although researchers and teacher educators have embraced the TPACK framework quickly, there have been also critical reviews of it. Graham (2011) argued that the TPACK framework was built on the concept of PCK, which already possessed conceptual complexity. While several research studies employed TPACK as their theoretical framework, few made a substantive theoretical contribution to the construct. Furthermore, the total package of TPACK is divided into so many pieces, which are difficult to separate, and are not always defined consistently in the literature (Archambault & Barnett 2010; Brantley-Dias & Ertmer, 2013) . This also has created the problem of assessing these seven knowledge domains accurately, which typically relied on self-report measures, such as surveys or questionnaires (Koehler, Shin, & Mishra, 2012) . Analyses of TPACK development frequently took the form of examining TPACK components separately, while TPACK is characterised by dynamic relationships composed of the connections between the three core categories.
Nonetheless, as Angeli et al. (2016) put it, several researchers have agreed on the usefulness of the TPACK framework for providing a common language and focus for the research in the area of technology integration in education. To address the issues related to TPACK Brantley-Dias and Ertmer (2013) suggested going back to an initial definition of TPACK that highlighted the point of intersection among the three core domains of teacher knowledge (pedagogical [P], content [C], and technological [T]): "a unique knowledge base regarding how technology enables or constraints one's efforts to help learners master specific subject matter" (p. 120).
Supporting TPACK development
Research has suggested several professional development strategies to help preservice and inservice teachers develop TPACK. The main guiding principle has been to provide opportunities for participants to connect technological, pedagogical and content knowledge, rather than introducing these in isolation (Koehler et al., 2013) . However, researchers have not yet suggested an ideal developmental path that will foster TPACK (Chai, Koh, & Tsai, 2013; Koehler et al., 2014) .
In their comprehensive literature review, Chai et al. (2013) determined that most of the studies started with either PCK, TCK, TPK, or TPACK, compared to the studies that started their interventions with CK, PK, or TK. Koehler et al. (2014) identified three broad paths for the best known professional TPACK development models: (a) from PCK to TPACK, (b) from TPK to TPACK, and (c) developing PCK and TPACK simultaneously. Koehler et al. (2014) describe approaches that take PCK as the beginning point and then introduce technology to develop TPACK under this category. They consider this a suitable choice for experienced teachers, who have accumulated a repertoire of PCK by virtue of their experience in the classroom and from methods courses they took during their training -although both of these may sometimes act as blocking factors when introducing technology into PCK.
From PCK to TPACK
A standout approach under this category is the use of learning activity types Harris & Hofer, 2009 ). Activity type is defined as the most essential aspect of a particular learning action. It relates to what students do in a learning activity: group discussion, role playing, or reading text, for example. (Harris & Hofer, 2009, p. 102) . Going beyond technocentric (Harris el al., 2009; Papert, 1987) strategies, the starting point for learning activity types is curricular learning goals, rather than the affordances and constraints of technologies. First, a range of possible learning activity types for a particular content area is determined. Only then is each activity type matched with compatible digital and non-digital technologies to support the learning in each activity. Learning activity types can be combined in lesson and unit plans. The power of the learning activity types approach is that it provides teachers a natural starting point in terms of PCK and provides a repertoire of technologies from which they can choose for TPACK development. The challenge is to creating taxonomies for the classification and description of activity types in various content areas, as this requires considerable time and effort (Archambault, 2016) .
From TPK to TPACK
This is presented as the most prevalent default pathway in preservice teacher education programs where students take courses that focus on how technology supports general pedagogical strategies before being introduced to content-specific methods courses (Koehler et al., 2014) . The technology-related courses are usually taught by instructors who do not have expertise in all subject areas. The typical progression is starting with TK and TPK in a generic technology course, and then integrating PCK with methods courses and field experiences to develop TPACK. Technology mapping, presented by Angeli and Valanides (2013) , is a sophisticated example under this category. In contrast to learning activity types, technology mapping starts with the affordances of information and communication technologies and then focuses on establishing connections between the affordances of these tools, specific content, and pedagogy. Angeli and Valanides developed instructional guidelines that includes discussing educational affordances of a specific technological tool for a specific group of students, demonstrating educational affordances for a specific curricular topic with a worked-out design task, explaining the structure of the worked-out design task in terms of underlying instructional design, allowing students to practice with the affordances, and using a new design task.
Developing PCK and TPACK simultaneously
Another pathway for TPACK development is the simultaneous development of PCK and TPACK. Learning-technology-by-design, proposed by Koehler and Mishra (2005) , best exemplifies this pathway as it emphasises simultaneous connections and interactions between subject matter, technology, and pedagogy (Koehler & Mishra, 2005; Koehler et al., 2007) . Learning-technology-by-design emerged from a faculty development seminar that involved both higher education faculty members and graduate students. Koehler and Mishra (2005) created small groups, each of which included a faculty member. These groups worked collaboratively on an authentic design task over the course of a semester. The task was considered authentic in that it involved developing an actual online course to be taught the following academic year. The composition of the groups was not random; the authors wanted the groups to build on PCK by including in each group faculty members who had already developed such knowledge. They also wanted to involve graduate students in each group, most of whom could bring TK to the discussion. During the course, participants were introduced to several technological tools, examined their affordances, and employed some of them in their online courses if they fit with their instructional or pedagogical goals. The authentic design task enabled the teams to investigate and establish a complex web of relationships between content, technology, and pedagogy (Koehler & Mishra, 2005) .
Virtual internships: A novel method to develop TPACK
Researchers tend to agree that TPACK can best be developed through the learning-technology-by-design approach, although what makes it successful is less clear (Voogt, Fisser, Tondeur, & van Braak, 2016) . Learning-technology-by-design underlies a learning environment with three essential elements: authenticity, small group collaboration, and a design task. It also seems to work well for experienced teachers who already have familiarity with PCK on which to build. However, the nature of TPACK attainment is different for preservice and experienced teachers (Hofer & Harris, 2012; Koehler et al., 2014) . Preservice teachers have relatively less familiarity with TPACK domains, for which reason one cannot identify a natural knowledge type as the starting point for TPACK development (Koehler et al., 2014) . Furthermore, authenticity as derived from real teaching situations may not always be a viable option in preservice teacher education.
One novel tool better suited for preservice teachers' TPACK development, and which also embodies authenticity, small group collaboration, and design task is virtual internships. Introduced by Shaffer (2005) and known primarily in the learning sciences community, virtual internships emerged as digital learning environments for the development of professional knowledge, skills, and competencies. More specifically, a virtual internship (or epistemic game) is a computer-based game where participants assume the role of a professional, work collaboratively on authentic tasks, interact with mentors, and engage in complex professional thinking.
Authenticity in virtual internships is provided by a simulation of professional workplaces where players are addressed as interns in their intended profession. In virtual internships, participants work collaboratively on complex design projects in small groups in an online environment. Therefore, a virtual internship that targets TPACK development is considered an instantiation of the learning-technology-by-design approach for preservice teachers. Synchronous mentorship, which aims to provide the guidance necessary for participants to make meaningful connections between professional knowledge elements, is another important aspect of virtual internships.
There exist virtual internships for several professions, such as Land Science (for urban planning), RescuShell (for biomedical engineering), and Nephrotex (for mechanical engineering). These games employ authentic professional training practices that integrate action and reflection to develop expert-like thinking skills in a specific profession (Shaffer et al., 2009) . Each game follows a similar structure: players examine relevant research and resources, work collaboratively on a design task in teams, and submit their work to supervisors as they would in a real professional work environment. The virtual internships developed so far addressed the STEM professions and have been used mostly with high school students and university freshmen in engineering. Thus, the use of virtual internships in higher education is a new area of research. No studies investigated the use of virtual internships in teacher education. This paper introduces and examines the use of a new virtual internship (an epistemic game), the School of the Future, to develop preservice teachers' TPACK. School of the Future extends virtual internships to a new area (teacher education) and targets a new population (preservice teachers). The role of School of the Future on the development of preservice teachers' TPACK was evaluated using ENA, a novel data analysis method and a tool that afforded the investigation of the dynamic interaction between the three core categories of the TPACK framework: technology, pedagogy, and content. The research question that guided this study is:
• How did participants' TPACK, represented as epistemic network graphs, change character over the eight sessions of School of the Future?
Setting and participants
The study was conducted in the context of an educational technology course that was part of a preservice teacher program. The participants were 33 preservice teachers (25 female) from a range of programs (math education, science education, and foreign language education). The virtual internship was introduced as a course requirement, but participation in the study was voluntary. The participants completed eight sessions (eight rooms) of the virtual internship within a three-month period. The data were collected in two runs of the School of the Future in two semesters, Fall 2017 and Spring 2018. Before data collection, Institutional Review Board approvals have been obtained.
School of the future: A virtual internship to develop TPACK
The new virtual internship/epistemic game was designed by the author, using the Virtual Internship Authoring Tool©. The designed virtual internship was implemented into a professional practice simulator software, a web-based PHP application, and MySQL database. The professional practice simulator uses a web-based client and allows users to interact through simulated email and a live chat interface. Since all components and activities are web-based, users can access the virtual internship from any location with Internet access.
In the game, preservice teachers take the role of teacher interns at a fictitious school called School of the Future. School of the Future is played in eight sessions, referred to as rooms. Each session lasted 2 class hours (a total of about 100 active minutes). Participants worked in the rooms in groups of three or four, based on their major. Each group was facilitated by a graduate student, who was portrayed in the game as a senior mentor teacher at School of the Future.
At the beginning of each session, participants received an e-mail from their program coordinator that detailed the tasks they were expected to complete and provided a set of resources they could use. They were able to navigate between their inbox, the resources, and the shared area and could chat with teammates and mentors simultaneously ( Figure 2 ). Each task was built on the previous one and was designed to support the team's completion of the final design task: developing instruction that integrates content knowledge (related to the participants' field of study), teaching strategies, and technology to be used at the School of the Future in the upcoming semester. This final design task, called the instructional plan, required focusing on the instructional objectives for a specific topic, teaching strategies, and technologies to meet those objectives. The game was structured in such a way that participants would work on the pieces of the final project in what Koehler and Mishra (2008) refer to as a spiral-like manner, that is, with the TPACK categories being introduced iteratively. This way, participants were required to consider and reconsider their decisions with respect to how the three core categories should come together. Team members engaged in individual work and research, team discussions, and reflection to complete their tasks while synchronously interacting (through the chat interface) with their team members and mentors. In most of the rooms, the mentor asked a set of pre-prepared questions to guide the participants' team discussions. These questions were integral part of the School of the Future, and simply dragged and dropped into the group chat by the mentor. For instance, one of the questions mentors asked in Room 4 was:
For what instructional purposes this tool can be used? When I say instructional purposes, I mean purposes related to what you teach, that is, the content of your instruction such as certain concepts, knowledge, skills, etc. regarding your topic.
This was the room in which the participants investigated several computer-based tools to report to their teammates. Mentors asked four other similar guiding questions in Room 4. Thus, the mentor role was to simply follow the School of the Future content (by asking pre-prepared questions in each room), provide further explanations of tasks if needed, and answer questions regarding technical difficulties.
Data sources and analysis
The core data of the study involved the records of about 4,000 turns of chat that took place while the teams were completing the School of the Future tasks over the eight sessions in two runs of the game, one in the fall of 2017 and one in the spring of 2018. These were analysed using the ENA Web Tool (version 0.1.0) (Marquart, Hinojosa, Swiecki, & Shaffer, 2018) .
ENA is a data analysis method (and a web-based tool) built on a theory of meaning-making in discourse (Shaffer, 2017) . With ENA, one can identify and quantify connections (co-occurrences) between network elements and represent them in dynamic models using the ENA web tool (Shaffer et al., 2016) . ENA is especially useful when "the code and count approach" (Csanadi, Eagan, Shaffer, Kollar, & Fischer, 2017, p. 217) is not sufficient to provide a conceptual understanding of the problem at hand. Applying ENA to TPACK development, one could go beyond traditional frequency-based assessments (Csanadi et al., 2017) and model how technology, pedagogy, and content knowledge are related and interconnected throughout the School of the Future implementation. It also allowed qualitative and quantitative comparisons of TPACK models at different stages of the School of the Future.
To address the research question, an ENA model was created using the ENA web tool. The model was based on the codes shown in Table 1 . Five sub-codes were created for pedagogy: teaching strategies, assessment, learning outcomes, learning theory, and learners. Additionally, a TPACK code was created when technology, content, and one of the pedagogy codes were all present (in the ENA terminology, TPACK was a derived code). In an ENA analysis, big data coding is handled using the tool called Ncoder (The Epistemic Analytics Lab). Ncoder uses automated classifiers to code large sets of qualitative data. The codes were validated using Kappa and Shafer's rho statistics among the researcher, an independent reviewer, and the computer using rho, an R package that computes inter-rater reliability statistics. Shafer's rho is a Monte Carlo rejective method of testing the generalisability of any binary inter-rater reliability statistic. It allows researchers to minimise the amount of data that need to be hand-coded to establish the reliability and validity of the codes (Shafer, 2017). Getting acceptable results in Kappa and Shaffer's rho values for each code (Kappa > .81; rho < .05), the autocoded data file that was created by Ncoder was uploaded to the ENA web tool.
In order to examine connections between technology, content, and pedagogy, the ENA web tool was used to identify co-occurrences of the codes (Table 1) in a predetermined relevant context of the talk-since the meaning of any utterance can be understood only in relation to what has been said before. This temporal context is referred to as a stanza, and it is an adjustable feature of the ENA tool, that is, the moving stanza window size. Shaffer (2017) reported that in prior studies 98% of the lines have referred to something in the previous five lines, so in the present study, the MSWS was set to five. The ENA analysis produced a weighted network of the co-occurrences of the codes, along with associated visualisations for each unit of analysis in the data.
To answer the research question, network graphs were created for all rooms, with the exception of Room 1, which was not included because it was only an introduction to the School of the Future. The unit of analysis was all the utterances (lines) within a room (e.g., Room 5) defined by the specific semester (e.g., Spring 2018), team name (e.g., Math2), and user name (e.g., Intern 2). This way, one can investigate the network graphs of all participants in each room in terms of the codes given in Table 1 , that is, how each user made connections between technology, content, and various aspects of pedagogy in each room of STF. Furthermore, the means of individual students' network graphs were represented by a single point in the graph (i.e., the centroid of the ENA network), allowing comparisons between the rooms in terms of the connections made between technology, content, and pedagogy.
Results
Below, the findings are presented from the three stages of the School of the Future -the beginning (Room 2), the mid-phase (Room 5), and the final stage (Room 8) -by providing the network graphs where connections between network elements are visualised and providing evidence where connections are actually found in the data.
The beginning of the School of the Future-Room 2
In Room 2, participants were expected to discuss the differences between technology use and technology integration. The centroid of the connections made between technology, content, and aspects of pedagogy is represented by the little pink square in Figure 3 , and stronger connections are indicated by thicker lines. One can see that not only did participants make connections between technology and learning outcomes (Table 2) , they also talked about technology in relation to a content area, although sometimes the content was not related to their own field of study. One can also notice very few cases of TPACK, where all three core categories were evident, in the graph. Therefore, at the beginning of the School of the Future while there were connections between the core domains of the TPACK framework and the pedagogical aspects were limited; the learning outcomes were the most visible pedagogical consideration. Other usage area of technology can be assessment part of class. I mean, we can use online quiz sites to assess students' knowledge.
Intern 17
For example, by using tablets, students can see their previous or wrong operations on a particular task at math. So that, if the teacher notices, he or she can encourage students to look at their past operations so that they can see their faults and have an opportunity to think about it. So that, students think further for that question. They may not have that chance to do it on paper because students tend to erase the operations that they have doubted. Note. a Room #, School of the Future run, team name
The mid-phase -Room 5
In the middle of game (Room 5), team members were expected to work on an initial instructional plan, which included a description of teacher and student activities, assessment strategies, and a detailed explanation of how technological tools will be integrated into their instruction. One notices the TPACK code in the graph, and this time there are stronger connections between technology, content, and teaching strategies, and between outcomes and content (Figure 4) . Therefore, at this mid phase, participants' TPACK is characterised by more and stronger connections between the core TPACK categories (T, P, and C). In addition, their pedagogical knowledge involved teaching strategies and learning outcomes (Table 3) . Participants started discussing the particular content they were planning to teach with their instructional plan.
Centroid of the network graph in Room 2 They load their mixtures photos and explain their reasons why they choose it and with reasons.
Intern 26
Therefore all class see a lot of mixtures types and think their reasons also evaluate friends reasons. Actually this discussion may teach what mixture is and mixture types.
End of the discussion we can categorise the types and finish lesson a quick quiz like kahoot about the lecture.
Intern 28
Ok. I can send you as an example of kahoot quiz.
The final stage -Room 8
In the final stage of the School of the Future (Room 8), team members were expected to revise their IP in light of their investigations of technological tools, pedagogical considerations, and the nature of specific content. The network graph of Room 8 ( Figure 5 ) can be considered as the final TPACK representation. One notices that the network is highly similar to the one for Room 5, where teams had worked on their initial IP. As in Room 5, the major connections are between technology, content and teaching strategies. In this final phase, however, there are also new connections; that is, learning theories are connected to content and teaching strategies.
Furthermore, most of the connections in Room 8 are stronger than the ones in Room 5, as illustrated by the difference network graph in Figure 6 . In this figure, the red lines indicate the connections that are stronger than those in Room 8; the blue ones indicate connections that are stronger in Room 5. According to this graph, while the connections between technology and content and content and strategies are similarly strong in both rooms (as they cancel each other out), the TPACK code is stronger as well as the connections between learning theories and strategies and learning theories and content in Room 8. The only connection that is stronger in Room 5 is the one between learning outcomes and content.
Centroid of the network graph in Room 5
Along the y-axis (SVD2), a Mann-Whitney test showed that Room 8 (Mdn = 0.24, N = 32) was statistically significantly different at the alpha = 0.05 level from Room 5 (Mdn = -0.10, N = 31 U = 349.50, p = 0.04, r = 0.30). This shows that participants ended up with a differently weighted network graph, which is represented by stronger connected TPACK categories and by drawing on more aspects of pedagogy at the end of their virtual internship experience (Table 4 ). Centroid of the network graph in Room 8 Table 4 Excerpt 3. Room 8, Spring 2018, Math2 Intern 17 We decided to add before class activity on natural numbers, integers, fractions, decimals, because we overlooked that they may not remember these other number sets. So it will be helpful before starting rational numbers. Intern 17
We also added in-class activity so that they will discuss commonly confused rational numbers on Edmodo. Intern 18
Students will have homework about that topic.
Intern 18
We will change the activity about number line. Students will conctruct their own number line.
Mentor
Why did you decide to make those changes?
Intern 16
And students will write what they learned at the end of the activity.
It is important to know about what students already know, because according to constructivism students build new topics on old knowledges.
Intern 17
According to the constructivist approach, we decided that students should find their way of deciding what kind of number line that they should draw.
Intern 18
Yes, because thinking about what they learned is good for correcting misconceptions and improving the missing points of students.
Intern 17
So we made this change after we learned more about learning theories.
Discussion and conclusion
The purpose of this study was to examine how the use of a new virtual internship contributed to develop preservice teachers' TPACK. TPACK refers to the type of knowledge teachers need in order to effectively teach with technology. In the field of educational technology, as Archambault (2016) rightly asserts, TPACK also represents the much-needed conceptual framework. The relationships between and among the TPACK elements are often described as a "complex interplay" (Mishra & Koehler, 2006 , p. 1025 ) between technology, pedagogy, and content. There are connections, interactions, affordances, and constraints between and among these categories, and they exist in a state of dynamic equilibrium. Although the construct of TPACK has been very useful for conceptualising the teacher knowledge needed for effective technology integration, the complex relationship between TPACK elements makes it difficult to both develop activities for and assess TPACK.
This study presented and evaluated a new method for developing preservice teachers' TPACK, drawing on work in learning sciences. The new virtual internship, the School of the Future, was implemented with 33 preservice teachers. Participants completed School of the Future tasks in eight sessions, where they worked collaboratively in teams. Their online chat records were analysed using ENA, a novel data analysis method that allowed me to investigate the dynamic connections between technology, content, and pedagogy over the course of the game.
Network graphs of each room were compared in terms of connections between technology, content, and five sub-categories of pedagogy (teaching strategies, assessment, learning outcomes, learning theories, and learners). Preservice teachers started with a rather simple TPACK representation, making connections between content (which was not always related to their own major), technology, and a single aspect of pedagogy, that is, learning outcomes. As they proceeded through the game, however, they started to bring in and connect several aspects of pedagogy to technology and content. By the middle of the game (in Room 5), their TPACK included connections between teaching strategies, content, and technology, as well as a connection between outcomes and content. In their last session (Room 8), not only were the connections between technology, content and teaching strategies stronger, but participants were also bringing in more pedagogical aspects, connecting learning theories to content and teaching strategies in addition to the connections they had established in Room 5. The centroids of the two network graphs in rooms 8 and 5 were in statistically different places along the y-axis, illustrating the differences in connections made in the two rooms.
The participants' TPACK representations thus became more complex over time in terms of the number of pedagogical considerations and the strength of connections between these and technology and content. This showed that virtual internships could be an effective means of support in the development of preservice teachers' TPACK. This suggests that teacher educators can take advantages of virtual internships to support preservice teachers' TPACK development.
The design of the School of the Future could have contributed to these findings. Introducing TPACK categories in a spiral-like manner (Koehler & Mishra, 2008) , for instance, might have helped the preservice teachers gradually develop more and stronger connections between technology, content, and aspects of pedagogy. In addition, the School of the Future (and virtual internships in general) provided a learning environment where authenticity, small-group collaboration, and design task were the defining characteristics. These are also the three pillars of Koehler and Mishra's (2005) learning-technology-bydesign approach. While researchers seem to agree that TPACK can be best developed through this approach, some have stated that what makes it successful is less clear (Voogt et al., 2016) . It is reasonable to argue that authenticity, small-group collaboration, and design task -all of which underlie the learningtechnology-by-design approach -may be the reasons this approach works. However, further research is needed to examine the effectiveness of these design elements in different settings, computer-based or faceto-face. In order to do that, researchers can design different learning environments reflecting these elements and investigate the role of these in developing preservice teachers' professional knowledge.
While small-group collaboration and design task were implemented in School of the Future in a similar way, authenticity was satisfied in a slightly different way. Authenticity is an important element of virtual internships; it does not derive from a real experience, as is the case in the learning-technology-by-design approach. Rather, its authenticity is based on a simulation of a work environment. School of the Future was built on the underlying theory and technological infrastructure of virtual internships to simulate a work environment. Participants were addressed as intern teachers at School of the Future, and they were given a design task. They were expected to interact with each other and their mentors as they would in a professional work environment. During the implementation, the participants took their virtual internship experience very seriously. They did their individual research, participated in discussions, and contributed to their final group instructional plan in a professional manner. They took on board the feedback received from their mentors, who were portrayed as mentor teachers at the School of the Future. It can therefore be argued that, while the three above-stated design elements are essential, researchers can create authentic situations in different ways when designing learning environments to support the development of preservice teachers' TPACK. This is important because authenticity derived from real teaching situations may not always be a viable option in preservice teacher education. Future research can investigate the notion of authenticity in different contexts focusing on the distinction between the real experience-based and simulation-based authenticities (as in virtual internships).
The School of the Future also embodied well-crafted mentorship at every step. Mentors, who were portrayed as mentor teachers at School of the Future and who were present in every online session, provided guidance and support to the preservice teachers. They posed questions (part of the School of the Future design) for discussion that helped the teams focus on making the necessary connections between the TPACK domains. Koh, Chai, and Tay (2014) also found mentoring to be a critical factor in developing TPACK. They observed that teams with higher occurrences of TPACK had been facilitated by experienced educational technologists throughout their study, suggesting that mentorship is another essential element to consider when a designing learning environment to develop TPACK. In School of the Future, however, participants never actually met their mentors in person. Mentors simply appeared as characters in the game and mostly followed a pre-structured form of guidance. This opens up the possibility of artificial intelligence-based mentorship in preservice teacher education, which is a novel area of research in teacher education.
Teacher educators can use this knowledge when designing learning environments not only to develop preservice teachers' TPACK but also other forms of teacher professional knowledge. Virtual internships focusing on different teacher knowledge bases (e.g., curriculum knowledge, knowledge of educational contexts, knowledge of educational ends, purposes, and values, along with their philosophical and historical grounds) can be created with the free virtual internship-authoring tool. Moreover, preservice teachers could be asked to develop virtual internships for their students.
Implications for future research on the TPACK construct
In the present study, the TPACK development of preservice teachers was evaluated using ENA, which was originally developed to visualise co-occurrences of frame elements in discourse (Shaffer & Ruis, 2017) . ENA is built on a theory that argues that possessing knowledge, skills, identity, values, and epistemology individually is not sufficient to characterise expertise. Rather, one should look at the connections and configurations among these frame elements (Shaffer, 2004 (Shaffer, , 2006 (Shaffer, , 2007 (Shaffer, , 2012 ). An epistemic frame, similar to TPACK, is a theoretical construct that holds together a set of constituent elements (knowledge, skills, identity, values, and epistemology) and the network of relationships between these defines expertise in any given profession. Once acquired, the epistemic frame functions like a lens with which an individual can approach a situation from the perspective of a member of a community (Shaffer et al., 2009 ). Similar to the relationships between the TPACK categories, there are interactions and connections between the elements that make up what Shaffer refers to as the epistemic frame of a profession. The TPACK framework also implies a view of expertise in teaching that underlies a network of relationships between the domains of teacher knowledge rather than the mere possession of them.
Researchers argued that dividing up the TPACK construct into several subdomains can create the problem of defining each subcomponent mutually exclusively (Archambault & Barnett 2010; Brantley-Dias & Ertmer, 2013) . They even suggested that some of the TPACK's hybrid subdomains of knowledge might not exist in practice. For example, Lux (2010) was not able to identify TCK in his data collected with a TPACK survey. Although part of the problem may be the use of measures that focus on frequency-based assessments of TPACK development (either self-report or artifact-based), the criticisms towards the TPACK construct can benefit from using a new perspective. This study employed ENA to identify the interconnected nature of technology, pedagogy, and content knowledge rather than looking at preservice teachers' professional knowledge development in separate categories conjectured to make up TPACK. In that regard, not only does ENA afford an innovative way to assess TPACK development, it also opens up new space to talk about the TPACK construct in relation to the ways researchers attempt to measure it. Future research can focus on this conceptual work, (i.e., understanding TPACK as an epistemic frame), which has been typically missing in the literature (Graham, 2011) .
In this study, the TPACK analysis was conducted on preservice teachers' group chat records within a virtual internship environment. Therefore, one limitation of studies such as this would be the reliance on discourse, which may or may not manifest itself in actual practice. Harris, Grandgenett, and Hofer (2010) developed an observation rubric, namely the TPACK-Based Technology Integration Observation Instrument, to evaluate teachers' teaching with technology. Efforts to measure TPACK-in-discourse and -in-action could be coupled to portray more accurate representations of TPACK development.
